Proliferation of Paneth and goblet cells of mouse duodenal crypts was studied by high resolution light microscope radioautography. In one group of mice, blood levels of thymidine-3H were sustained for up to 12 hr by repeated injections of isotope to facilitate identification of proliferating cells . In these animals, many goblet cell nuclei incorporated thymidine-3 H whereas only I of 6261 tabulated Paneth cells was labeled . 
INTRODUCTION
The epithelium of the small intestine is a dynamic tissue which renews itself rapidly (1) (2) (3) (4) (5) . Cell proliferation is confined to the crypts of Lieberkühn where four cell types, the undifferentiated crypt cells and the differentiated Paneth, goblet, and enterochromaffin cells, are found (6) (7) (8) . The derivation of the differentiated epithelial cells, especially the Paneth and goblet cells, has been a matter of controversy. Do they all arise from proliferating undifferentiated cells of the crypt epithelium, or do certain differentiated cells constitute separate cell populations capable of independent proliferation?
In most studies of cell proliferation of crypt epithelium in normal intestine, mitoses have not been observed in Paneth cells (3) (4) (5) . Moreover, in those studies, Paneth cell nuclei did not incorporate thymidine 3H after parenteral administration of a single dose of the desoxyribonucleic acid (DNA) precursor . Those observations provided evidence that the nuclei of histologically differentiated Paneth cells normally do not synthesize DNA and that these cells probably do not proliferate under normal circumstances . However, absolute conclusions could not be drawn from those studies, since the biological half-life of a single parenteral injection of thymidine 3H is short. Within an hour or so after injection of isotope, blood concentrations of the isotope fall below a level adequate to ensure its incorporation into proliferating cells (9, 10) . Thus, if the generation time (total time required for a complete cell cycle from mitosis of the cell until subsequent mitoses of daughter cells) of Paneth cells is particularly long and the S phase (period of active DNA synthesis) is short, labeling might be missed unless many cells are examined, since the percentage of cells synthesizing DNA during the period of adequate blood levels of thymidine 3H after a single injection might be very small .
More recently, Thrasher and Greulich (11) have suggested that Paneth cells proliferate independently . They described mitoses of Paneth cells in mice and reported incorporation of thymidine-3 H into a significant number (I I c ) of Paneth cell nuclei I hr after administration of a single labeling dose . They calculated the duration of the S phase of the cell cycle to be 8 .7 hr and the generation time to be 80 hr . Deschner (12) also has described mitoses in Paneth cells in the human ileum and calculated that 0 .14% of Paneth cell nuclei were labeled 15 and 30 min after a single dose of thymidine 3H.
Whether or not goblet cells proliferate is not quite as controversial . Some classical histologists have described cells with morphological features intermediate between those of undifferentiated crypt and goblet cells and between those of villous absorptive cells and goblet cells (13, 14) . They suggested that goblet cells differentiated from these cell types . However, mitoses have been noted in goblet cells by several investigators (3, 6, 7) , and Leblond and Messier (3) have observed radioactivity in nuclei of mouse goblet cells 8 hr after a single injection of thymidine3H . Thrasher and Greulich (11) described labeled mouse goblet cell nuclei, and MacDonald et al . (5) described labeled human goblet cell nuclei within an hour after thymidine-3 H . Thus, present evidence indicates that at least some goblet cells in the intestinal crypts are capable of proliferation and may form an independent cell population . 25 2 TIE JOURNAL OF CELL BIOLOGY • VOLUME 41, 1969 The problem of resolution of radioautographs is critical in studies such as these, especially since it has been clearly shown that undifferentiated cells are regularly found both interspersed between Paneth cells in the crypt base and lying adjacent to crypt goblet cells (15, 16 ) . In the studies described above, radioautographs were prepared from paraffin sections cut 2p or more thick ; in fact, most of the studies utilized sections 4,u or more thick (3, 4, 5, 11) . In preliminary studies with sections cut 4,u thick, we could not determine with certainty whether labeled nuclei in the vicinity of Paneth cells and goblet cells belonged to these cells, or whether they really lay within adjacent, undifferentiated cells .
With plastic embedding techniques it is now possible to prepare radioautographs by using thinner sections which permit precise localization of radioactivity to nuclei of specific cells (17, 18) . In this report we describe experiments designed to re-examine the derivation of, and potential proliferative activity by, Paneth and goblet cells of the duodenum from normal mice. Throughout the study we used radioautographic techniques which permitted precise localization of labeled nuclei to specific crypt cells .
METHOD
Experiment I : Repeated Injections of thymidine-3H 24 male, random-bred, albino mice (A . R . Schmidt . Madison, Wisconsin), weighing approximately 35 g each, were allowed water only overnight . Starting at 7 :30 AM, 50 pc of thymidine 3H (specific activity 6 .7 µc/mmole ; New England Nuclear Corp ., Boston) was injected intraperitoneally into each animal at hourly intervals . Animals were kept in metabolic cages to minimize coprophagy and were allowed water only. A pair of mice was killed by cervical dislocation each hour after the initial injection . Thus, each mouse of the first pair received only one injection of thymidine-3H and was sacrificed 1 hr later, whereas the last pair received 12 hourly injections of thymidine3H and was sacrificed 12 hr after the original injection . In this manner, blood levels of thymidine 3H sufficient to permit its incorporation into nuclei of cells actively synthesizing DNA were sustained for up to 12 hr . 
Preparation of Radioautographs
The abdominal cavity of each animal was opened immediately after cervical dislocation, and approximately 0 .5 ml of chilled chrome-osmium fixative (19) was slowly instilled with a tuberculin syringe into the lumen of the fourth part of the duodenum and the proximal part of the jejunum . After about 1 min, a 1-cm segment of distal duodenum was removed, fixed for an additional four min, then cut into slices 1 mm wide and 3-4 inm long and returned to the fixative for 1-2 hr . After treatment in buffered formalin for ?2 to 1 hr, the tissue was embedded in epoxy resin (20) and oriented for sectioning by mounting each slice on aluminum rods as previously described (21) . All tissues were rinsed repeatedly in the alcohol solutions during dehydration to ensure removal of the formalin.
Serial sections 1 A thick were cut with glass knives on a Sorvall MT-2 microtome. Five or six serial sections were mounted on a glass slide, the next seven serial sections were discarded, and the next five or six serial sections were then mounted on the next slide . In this way, we were able to ensure that the nuclei of cells in the sections on the first slide would not be present on the next slide .
The slides were then dipped in Ilford L-4 emulsion (Ilford Limited, Ilford, Essex, England) diluted 1 :1 with distilled water (18) and, after appropriate drying, were stored in light-proof boxes in the presence of anhydrous calcium sulphate . The slides were developed, 3 wk later in Experiment I and 8 wk later in Experiment II, in Kodak D-19 developer for 4 min, fixed in Ansco Liquafix for 5 min and, after appropriate washing and drying, stained with toluidine blue (22) .
Preparation of Tissue for Electron Microscopy
When the radioautographs were surveyed with the light microscope, it was clearly impossible to dogmatically classify as Paneth cells or goblet cells all crypt epithelial cells that were not either typical undifferentiated or enterochromaffin cells . Instead, intermediate forms with certain morphological features of undifferentiated and of goblet and Paneth cells were seen . To establish more clearly the structural features of the various cell types, thin sections adjacent to stained I-µ-"thick" sections were cut with an LKB microtome, mounted on copper mesh grids, stained with uranyl acetate (23) and lead citrate (24), and examined with a Philips EM 300 electron microscope . Thus, the same cells were observed with both the light and electron microscopes and their histological appearance and fine structural features could be correlated .
Evaluation of Radioautographs
All crypt epithelial cells that were not typical undifferentiated cells or enterochromaffin cells could be readily identified as either Paneth cells, goblet cells, or intermediate cells by the morphological criteria described below in the first section of the "Results ." Labeled and unlabeled Paneth, goblet, and intermediate cells with nuclei in the plane of section were tabulated . Only those cells in a single section from each slide were tabulated . In this way, no cell could be counted more than once . A cell was regarded as labeled if at least three grains were seen over its nucleus . Whenever there was doubt regarding the labeling of specific cells, adjacent serial sections were examined for clarification and confirmation . Only those goblet cells located in the crypts were tabulated . Unlabeled goblet cells that were located at higher levels than the highest-lying labeled cell in the crypt were not counted, so that all tabulated cells would constitute comparable groups .
RESULTS

Morphology of Crypt Cells
The undifferentiated cells located between Paneth cells at the base of the crypts were confirmed by light and electron microscopy to have morphological features similar to those of undifferentiated cells on the lateral walls of the crypt . After toluidine blue staining, all undifferentiated cells were characterized by a relatively pale blue cytoplasm compared to the dark blue cytoplasm of Paneth and goblet cells (Fig . 1, 7, 13 ) . No secretory granules could be resolved in these cells with the light microscope. Mitoses were frequently seen in both basally and laterally located undifferentiated cells (Figs . 1, 8, 17 ) .
Electron microscopy revealed that all undifferentiated cells, whether located in the base or on the lateral wall of the crypt, contained membranebounded secretory granules 0.25 s or less in diameter . These small secretory granules were clearly most abundant in the apical cytoplasm (Figs. 2, 3 ) . Formed elements of endoplasmic reticulum were sparse, but free ribosomes were abundant within the cytoplasm (Figs . 2, 3 ) . These features clearly distinguished the undifferentiated cells in the crypt base from adjacent Paneth cells with their elaborate endoplasmic reticulum and large secretory granules (Fig . 2) . The only significant morphological difference between undifferentiated cells in the basal and lateral location was that the width of the basal cells decreased considerably towards the apex of the cell whereas cell base and apex were approximately the same width in the laterally located cells .
Differentiated Paneth cells were usually found only in the crypt base ; rarely one or two were found higher on the lateral wall . Their structural features by both light and electron microscopy were the same as previously reported (16, 25) and will be described briefly . After toluidine blue staining, the dark blue cytoplasm and the prominent secretory granules, many of which had dark blue cores and pale halos, were the striking features (Figs . 1, 7-9, 16) . The deeply stained cores of the secretory granules were large, ranging up to 3 s An electron mmicrograph of the differentiated Paneth cell (P) at the hase of this crypt is shown in Fig . 4 . A mitosis (M) is seen above. X 1500 .
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THE JOURNAL OF CELL BIOLOGY • VOLUME 41, 1969 in diameter. When viewed with the electron microscope, the secretary granules were heterogeneous in structure ; most had large, dense cores and pale halos (Fig . 4 ), but occasional granules had no halos (Fig . 2 ) . Significant distortion of adjacent granules by one another was uncommon, even in cells which contained many granules . The cytoplasm not containing other organelles such as mitochondria, lysosomes, and Golgi material was virtually packed with a highly organized and elaborate ribosome-studded endoplasmic reticulum (Figs . 2, 4 ) . Goblet cells were confined to the lateral walls of the crypts . The cytoplasm of differentiated goblet cells, like that of Paneth cells, also stained intensely with toluidine blue (Figs . 1, 7) even in those cells which contained only a few secretory granules ( Fig . 13) . Those goblet cells with many granules were wider in the middle than at the apex or base of the cell ( Fig . 1 ), whereas those which contained only a few granules tended to be truly columnar in shape or narrower at the apex than at the base (Fig . 13) . The staining reaction of individual mucous granules with toluidine blue varied considerably from cell to cell and even within the same cell, ranging from very pale blue to deep purple . Small, deeply stained cores were apparent in many of the granules (Fig . 1 ) . When cores were present, the surrounding halo usually stained more intensely than did the halos of most Paneth cell secretory granules . Electron microscopy confirmed the presence of cores in goblet cell granules . Some differentiated or differentiating cells with prominent secretory granules possessed morphological features which did not permit their precise FIGURE 2 Electron micrograph of an undifferentiated cell between two Paneth cells at the base of a duodenal crypt . The undifferentiated cell contains only a few strands of granular endoplasinic reticulum (arrows), whereas the adjacent Paneth cells contain a great amount of it (ER) . Many free ribosomes are present in the undifferentiated cell . The undifferentiated cell contains much smaller secretory granules (S) than do the adjacent Paneth cells . X 13,500 . Electron micrograph of the apical portion of undifferentiated cells from the lateral wall of a mouse duodenal crypt . The similarity in fine structure between the cytoplasm of these cells and the cytoplasm of the basally located undifferentiated cell in Fig . 1 is apparent . Both cells contain similar small secretory granules (S), little granular endoplasmic reticulum, and many free ribosomes . X 13,500 . Electron micrograph of the differentiated Paneth cell shown in Fig. 1 . This cell contains the typical large secretory granules (SG) which are characterized by a dense core surrounded by a pale halo . X 9,000 . 2 5 6 TIIE JOURNAL OF CELL BIOLOGY ' VOLUME 41, 1969 FIGURE 5 Electron micrograph of the goblet cell on the right side of the crypt in Fig . 1 . A small, central dense core is seen in one of the mucous granules (arrow) . The granular endoplasmic reticulum (ER) is well developed as is the Golgi material (G) . X 10,000 .
FIGURE 6 Electron micrograph of the goblet cell on the left side of the crypt in Fig . 1 . Here, many mucous granules (SG) contain central dense cores . Note also that adjacent granules distort one another and that some granules appear to have fused with each other (arrow) . X 10,000 . stained with toluidine blue resembled goblet cell granules with their darker halos, but the core diameter was larger than that generally seen in differentiated goblet cells (Fig. 9) . When adjacent thin sections of these cells were examined with the electron microscope, their "intermediate" nature became more apparent . Fig .  11 is an electron micrograph of the same intermediate cell shown in Fig . 7 , and Fig . 12 is a micrograph of another typical intermediate cell .
The striking fine structural difference between the intermediate cells and differentiated Paneth and goblet cells is that the granular endoplasmic reticulum is not nearly as well developed in the intermediate cells. Instead, many unattached ribosomes lie free in the cytoplasm (Figs . 11, 12 ) . As in light microscopic preparations, the secretory granules vary in appearance ; a few granules have small cores (Fig . 11 ) reminiscent of those commonly seen in differentiated goblet cells, whereas most have cores that are larger (Fig . 12) and thus intermediate in size between those seen in differentiated goblet and Paneth cells . In addition, some of these cells contained the small secretory granules 0 .25 µ or less in diameter, which appeared identical in structure to those regularly seen in undifferentiated crypt cells (Fig . 11 ) .
Experiment I : Repeated Injections of Thymidine-3H
The radioautographic techniques employed in this study permitted precise localization of labeled nuclei to specific cells . 1 hr after the initial injection of thymidine-3 H, many of the undifferentiated cells along the lateral walls of the crypt and at the base of the crypts between Paneth cells were labeled (Figs . 8, 9, 13 ) . In addition, a few goblet cell nuclei (Fig . 13) and a few intermediate cell nuclei (Fig . 8) were labeled In animals sacrificed after repeated injections of thymidine-3 H, the percentage of labeled undifferentiated and goblet cells increased progressively. In animals which had received twelve hourly injections of thymidine-3 H and which were sacri- FIGURE 10 Light micrograph of one of the two intermediate cells (I) seen on villi . The cell is located at the junction of the lower and middle third of the villus . X 1,500 . ficed 12 hr after the initial injection, practically all undifferentiated crypt cells, many goblet cells but no Paneth cells contained labeled nuclei (Fig .  14) . Indeed, only one labeled Paneth cell was seen throughout the experiment . This cell was observed in a mouse which had received eight injections of thymidine-3 H and was sacrificed 8 hr after the initial injection . Moreover, the secretory granules in this cell were smaller in diameter than those of most differentiated Paneth cells (Fig . 15) .
Paneth, goblet, and intermediate cells with labeled and unlabeled nuclei were counted in sections of duodenum from animals receiving one, two, three, four, eight, and twelve hourly injections of thymidine-3H . The results of these quantitative studies are summarized in Table I . After 1 hr, 1 .5% of goblet cells were labeled ; this value increased progressively to 157, by 12 hr . A total of only 95 intermediate cells was observed in the sections used for counting, but 22 (2370 ) of these cells contained labeled nuclei (Figs . 8, 9 ) . Of the 6,261 cells that were counted, only the one Paneth cell shown in Fig. 15 Table II . At 4 hr, 4 .8% of crypt goblet cells were labeled . This value increased to 36 °j%, at 24 hr and reached a peak of 50% 3 days after thymidine-3H injection . Thereafter, the percentage decreased progressively and by 8 days labeled goblet cells were no longer seen . There were no labeled Paneth cells among the 1392 counted at 4 hr, whereas by 24 hr 0.3 % of Paneth cells were labeled (Fig . 16 ) . It is of interest that all five labeled Paneth cells seen at 24 hr were found in one mouse ; in the other mouse of the pair, no labeled Paneth cells were observed . The percentage of labeled Paneth cells gradually increased to a peak of 3 .8% 8 days after thymidine-3 H administration . Thereafter, the percentage gradually decreased but, even in animals sacrificed 29 days after thymidine-3 H, 2% of Paneth cell nuclei remained labeled (Fig . 17) .
Of the few intermediate cells identified, a significant number were labeled in animals which were sacrificed I to 4 days after thymidine-3H injection (Table II) . However, labeled intermediate cells were not observed by the 15th day . Similarly, undifferentiated crypt cells were no longer labeled by the 15th day . Thus, of the epithelial cells studied, only Paneth cells remained labeled in the crypts of animals sacrificed 15 or more days after thymidine-3 H injection . A few labeled cells were still present in the lamina propria 29 days after thymidine-3 H.
There was evidence of damage to crypt cells in both experiments . Many large lysosome-like inclusion bodies were seen in crypt cells of animals FIGURE 11 Electron micrograph of the intermediate cell shown in Fig . 7 . Some of the large secretory granules (SG) shown in this section contain cores . In addition there are small secretory granules (S) which resemble, in size and appearance, those found in undifferentiated cells . This cell has more free ribosomes and less granular endoplasmic reticulum than do differentiated Paneth or goblet cells . X 11,000 . sacrificed after five to twelve repeated injections of thymidine-3 H in the first experiment (Fig . 18) .
They appeared in all types of crypt cells but were most abundant by far in undifferentiated cells .
Some of these inclusions were enclosed by only one plasma membrane and were thus truly intracytoplasmic, others were surrounded by two plasma membranes and could thus be considered extra-FIGURE 13 Radioautograph of a duodenal crypt from a mouse sacrificed 1 hr after a single injection of thymidine-3 H . The nuclei of several undifferentiated cells (U) and a goblet cell (G) are labeled, whereas those of Paneth cells (P) are not . X 1,500 . cellular (Fig. 19) . Some of the inclusions were labeled (Fig . 18 ), but many were not ; and, on occasion, both radioactive and non-radioactive inclusions were observed in the same cell . It was confirmed by electron microscopy that the intracytoplasmic inclusions were probably cytolysosomes and were similar in structure to those described previously in studies of radiation damage to the gut (26, 27) . Both the intra-and extracytoplasmic inclusions contained degenerating nuclear material and identifiable cytoplasmic organelles including strands of endoplasmic reticulum, mitochondria, and secretory granules (Fig . 19) . In Leblond, Greulich, and Pereira (28) in studies of cell proliferation of the squamous epithelium of the rat esophagus. In Experiment I of the present study, blood levels of thymidine-3H adequate to provide the isotope for incorporation into nuclei undergoing DNA synthesis were maintained by hourly injections of the isotope for the 12-hr duration of the experiment . Thus virtually all those crypt cells synthesizing DNA from shortly after the start of the experiment until sacrifice of the animals would be expected to incorporate thymidine-3 H into their nuclei .
In this experiment some goblet cells were labeled within 1 hr after thymidine-3H injection and the percentage of labeled cells rose progressively as exposure to thymidine-3 H was prolonged (Table  I) . In a recent experiment in which similar radioautographie techniques were used, Merzel and Leblond (29) also described labeling of young goblet cells in duodenal crypts of mice 1 hr after a 262 THE JOURNAL OF CELL BIOLOGY • VOLUME 41, 1969 FIGURE 15 Radioautograph of the only labeled Paneth cell (P) that was observed in the animals in which blood levels of thymidine-3 H had been sustained by repeated injections . This mouse was killed after receiving eight hourly injections of isotope . The secretory granules in the labeled Paneth cell are smaller than those of most differentiated Paneth cells, but some of the granules are clearly larger than those of intermediate cells . This was particularly evident when serial sections of the cell were studied . A labeled undifferentiated cell (U) between Paneth cells is in mitosis . X 1,500 .
single injection of thymidine-3 H . These investigators distinguished between young and more mature goblet cells by the quantity of mucous granules within the cell cytoplasm, and they described labeling only in the young cells with a few apical mucous granules (29) . In our study, we made no effort to distinguish between young and older, more mature goblet cells, but we tabulated all goblet cells which clearly contained mucous granules and darkly staining cytoplasm (Fig . 13) . In 1-µ epoxy sections a few goblet cells in mitosis were noted, as described before by others using thicker paraffin sections (3, 6, 7) . Thrasher and Greulich (11) noted labeling of a much higher percentage of goblet cells in mice sacrificed I hr after thymidine-3H injection . The reasons for the difference between their and our data are not clear, but their criteria for the identification of goblet cells differed significantly from ours and may explain the discrepancy .
The observation that goblet cells incorporate thymidine-3H within an hour after its administration and thus presumably synthesize DNA and that a few cells are actually in mitosis provides strong evidence that some crypt cells, sufficiently differentiated to be recognized as goblet cells, undergo independent proliferation in the duodenal crypts of mice . This finding is not surprising since it is well known that other types of mucoussecreting cells, such as the epithelial cells in the gastric pits and the gastric mucous neck cells, proliferate actively. High blood levels of thymidine-3H were sustained for up to 12 hr by giving hourly intraperitoneal injections of 50 µc thymidine-3H throughout that time .
Whether or not the goblet cells of the duodenum represent an independent cell population, as suggested years ago by Bizzozero (30) and Zipkin (31), was not established by our study . Since only a few goblet cells were seen in mitosis and since some intermediate cells had certain morphological features in common with both goblet cells and undifferentiated cells (Figs . 9, 11) , it may be that some goblet cells differentiate from undifferentiated crypt cells but maintain the capacity to proliferate after mucus production has commenced . In any case, since labeled goblet cells could not be found in crypts 8 or more days after thymidine-3 H injection, it is clear that the turnover of crypt goblet cells is relatively rapid and that these cells are not a stable cell population . Radioautograph of a duodenal crypt from a mouse which received a single injection of thymidine-3H and was killed 24 hr later . A differentiated Paneth cell (P) with a well labeled nucleus is seen . X 1,700 .
In contrast to undifferentiated and goblet cells in the crypts, only one labeled Paneth cell was seen among more than 6,000 that were counted in mice in which blood levels of thymidine 3H were sustained for up to 12 hr (Table I) . Moreover, this one labeled cell was not really typical, since its secretory granules were intermediate in size between those of cells we called intermediate cells and those of most mature Paneth cells (Fig. 15) . It is entirely possible that this one labeled Paneth cell derived from a precursor cell which had incorporated thymidine-3H into its nucleus after one of the initial injections of isotope and then differentiated, in the ensuing few hours, into a histologically identifiable Paneth cell . Moreover, even if the generation time of Paneth cells is long and the S-phase is short, so that the percentage of cells actively synthesizing DNA during a given period is small, more than 0 .015% labeling would be expected among Paneth cells exposed to thymidine-3H for up to 12 hr if active proliferation occurs . It must also be emphasized that throughout the experiment no Paneth cells were seen undergoing mitoses . 26 4 TnE JOURNAL OF CELL BIOLOGY • VOLUME 41, 1969 It seems unlikely that persistence of labeled Paneth cells long after disappearance of labeled goblet and undifferentiated cells after a single injection of thymidine-3 H could be explained by reutilization of radioactive material from other cell types such as cells in the lamina propria . It has been demonstrated that, when previously labeled lymphocytes are injected from donor mice into recipient mice, significant labeling occurs among intestinal crypt cells (32) . However, if this were the cause of the persistence of labeled Paneth cells, one would expect even more extensive labeling of undifferentiated and goblet cells rather than persistence of labeling of only Paneth cells in the crypts .
The animals used for the first experiment were starved for a total of 24 hr, i .e . 12 hr before and 12 hr during the experiment . It seems unlikely to us that this relatively brief period of starvation could completely inhibit Paneth cell replication that might occur in normally fed animals and still permit replication of goblet, intermediate, and undifferentiated cells . In fact, we have previously shown that Paneth cell function, as measured by FIGURE 18 Radioautograph of a duodenal crypt from a mouse sacrificed after 11 hourly injections of thymidine 3H . Many spherical inclusions (L) are seen in the cytoplasm of undifferentiated cells . Some of these inclusions are labeled . X 1,400 . secretion of formed secretory granules, occurs at approximately the same rate in mice starved up to 48 hr as in normally fed mice (21) .
We therefore conclude that differentiated Paneth cells did not proliferate under the conditions of our experiment and that they constitute a relatively stable cell population with a much longer average lifespan than goblet and undifferentiated cells in the duodenal crypts .
The differences between our results and those of Thrasher and Greulich (11), who reported the presence of mitoses in Paneth cells and the labeling of 11 % of duodenal Paneth cells 1 hr after thymidine3H administration, can probably best be explained by the higher resolution afforded by the radioautographic techniques we employed . They had used 5-µ paraffin sections in preparing their radioautographs . In preliminary studies with 4-µ paraffin sections, we found that we were unable in some instances to determine whether mitoses or labeled nuclei in the base of the crypts lay within Paneth cells or within the rapidly proliferating, undifferentiated cells interspersed between them . Even if we had tabulated as Paneth cells the cells that we designated as intermediate cells (a category not included by Thrasher and Greulich), the total labeling observed by us 1 hr after thymidine 3H administration would be over 30-fold less than that reported by Thrasher and Greulich (11) . Deschner (12), using radioautographs prepared from 3-µ paraffin sections, reported labeled Paneth cells 3 hr after thymidine3H injections and mitoses among Paneth cells of human ileum . Since a different mammalian species was used and distal rather than proximal small bowel was examined, it is impossible to compare our results to hers .
In these experiments, we found a relatively small number of crypt cells with prominent secretory granules which we termed intermediate cells, for we could not with certainty identify them as Paneth or goblet cells by light or electron microscopy (Figs . 7-9, 11, 12 ) . The secretory granules in these intermediate cells generally contained central dense cores which were larger than those found in granules of goblet cells but smaller than those in the granules of most Paneth cells . Moreover, the intermediate cells contained small secretory granules, the dimensions of which are similar to those of granules seen in undifferentiated cells, in addition to the larger, core-containing granules (Fig . 11) . The granular endoplasmic reticulum was much less developed in those intermediate cells studied with the electron microscope than in differentiated goblet and Paneth cells and, as in undifferentiated cells, many ribosomes lay free in the cell cytoplasm . Most of these cells were located in the lateral walls of the crypt ; only rarely were they located in the crypt base . A significant percentage of these cells incorporated thymidine3H into their nuclei (Table I) .
Intermediate cells have been described previously in the crypts of mammalian small intestine ; however, interpretation of what is meant by this designation in the various studies is often difficult. Some investigators have described intermediate cells which were interpreted to represent transition forms between Paneth and goblet cells (33, 34) . Other workers have interpreted these or similar cells to be immature Paneth cells developing from undifferentiated crypt cells (35, 36) . Behnke and Moe (37) clearly documented the presence of cells intermediate in structure between undifferentiated and Paneth cells in the crypts of immature rats . FIGURE 19 Electron micrograph of inclusions in an undifferentiated cell from a mouse killed after 12 hourly injections of thymidine 3H . These particular inclusions are surrounded by two plasma membranes (arrows) and are, therefore, not truly intracellular. They contain nuclear (N) and secretory (S) material as well as ribosomes (R) . X 17,500 .
Our observation that differentiated goblet cells of mouse small intestine also often contain granules with small central dense cores (Figs . 1, 5, 6 ) makes interpretation of the available literature even more difficult . In some studies, crypt cells containing secretory granules with even very small central cores, which we would identify as goblet cells (Fig . 6) , were apparently considered to be immature Paneth cells (36, 38) . Moreover, in the classical reviews of the histology of the crypt epithelium of the small intestine of mammals, all possible types of cells intermediate between Paneth and goblet cells, between Paneth and undifferentiated cells, and between goblet and undifferentiated cells are described (6, 7) .
The results of the experiments presented in this report do not permit precise clarification of the role of the intermediate cells in the small intestinal crypts but clearly confirm the presence of these 2 There was evidence of damage to epithelial cells in that many large membrane-bounded inclusions were seen in the cytoplasm of crypt cells (Figs . 18,  19 ) . That at least some of these structures are cytolysosomes has been convincingly demonstrated by Hugon and Borgers (26, 27) , who have shown that identical structures observed following X-ray administration contain acid phosphatase and thiamine pyrophosphatase activities . We did not determine whether these cytolysosomes were autophagic or phagocytic in origin, but the fact that some inclusions were surrounded by two plasma membranes is evidence for a phagocytic origin . The fine structure of these inclusions suggested that at least some of them were derived from epithelial cells since they contained identifiable secretory granules (Fig . 19) .
The cause of these inclusions has not been clearly determined in our study, but it seems most likely that they are a reflection of radiation damage to the epithelial cells from the administered tritium . Starvation may have contributed to the formation of some of the cytolysosomes . However, in previous studies in which mice had been starved for up to 72 hr, only a few such cytolysosomes were observed (15) . Moreover, many cytolysosomes were seen, in the second experiment, in crypt cells of animals sacrificed 24 and 48 hr after reinstitution of feeding after the initial fast of only 12 hr .
The large number of cytolysosomes observed in the crypts of animals sacrificed 24 hr and 48 hr after administration of a single dose of 50 µc of thymidine-3H emphasizes the susceptibility of the crypt epithelium to even small doses of radiation . In these studies the effect of the radiation damage produced by the thymidine 3H on cell proliferation in the crypts is difficult to assess, since the method of tissue fixation was not ideal for quantitating mitotic activity . However, it seems unlikely that the radiation damage would have inhibited DNA synthesis and proliferation by Paneth cells virtually completely while permitting these processes to continue in undifferentiated, goblet, and intermediate cells .
